Abstract-Use of an optimization algorithm to improve performance of antennas and electromagnetic structures usually ends up in planar unusual shapes. Using rectangular conducting elements the proposed structures sometimes have connections with only one single point in common between two neighboring areas. The single point connections (point crossing) can affect the electromagnetic performance of the structure. In this letter, we illustrate the influence of point crossing on dipole and loop antennas using MoM, FDTD, and FEM solvers. Current distribution, radiation pattern, and impedance properties for different junctions are different. These solvers do not agree in the modeling of the point crossing junctions which is a warning about uncertainty in using such junctions. However, solvers agree that a negligible change in the junction would significantly change the antenna performance.
I. INTRODUCTION
O PTIMIZATION algorithms help engineers to find the best possible set of designs. Relying on the validity of the computing algorithms has some drawbacks as not all the proposed optimized structures are feasible to manufacture. For instance, optimized 2D antenna structures with a ground plane were reported in [1] , [2] . Their structure consisted of small PEC squares and the optimization routine eliminated squares randomly from the plane optimized for minimum Q. Each new design was solved using method of moments code (MoM) [3] . The Q-factor was calculated with single frequency simulations. Some of the proposed structures have junctions with a single common point diagonally connecting adjacent PEC squares. This is not the first time that optimization algorithms suggest structures which have neighbor squares with only one common point. For example a similar point crossing is reported for frequency selective surfaces [4] - [7] . In some other works the neighbor areas overlap and make a path for the flow of current [8] , [9] . Shahpari et. al [10] reported optimized meander line antennas based on the ant colony algorithm when radiation efficiency [11] was involved in the Pareto optimized front. These models included finite conductivity and finite width conductors. For meander line antennas in [10] , [11] this uncertainty did not exist because continuous wires were used which could not fold and join themselves.
In this letter, we illustrate the effect of point crossing on the radiating systems. It is shown that such junctions between perfect electric conducting squares behave like an ideal open circuit in MoM simulations, but imitate a short circuit in FEM and FDTD modeling. However, small displacement of the cells would significantly change the flow of current over the junction and consequently change the impedance and radiation pattern of the antenna. We propose that one should avoid point crossing, but should model chamfer and bridge connections to make sure that available optimization space are properly explored. Simulation time of the different junctions with different EM solvers are compared in the section. IV.
II. EFFECT OF POINT CROSSING ON ANTENNAS

A. Example 1: dipole antenna
We selected a simple dipole-like structure as the first example to investigate the issue of point crossing. The structure is constructed by aligning rectangular cells in two rows which have only one point in common (see Fig. 1(a) ). To examine the effect of the point crossing, we modeled other configurations including chamfering the conflicting cell, negligible shift in Fig. 2 can be considered as the potential solutions of a real junction which due to manufacturing inaccuracies cells are either shifted, or trimmed, etc. These structures were solved using a commercial MoM package [12] . Fig. 3 compares S 11 for the five slightly different dipole structures. Assuming the ideal point crossing case (a) as a reference, there is little difference with elements that are completely separated but major differences occur when the squares overlap.
The effect of two PEC squares connected by a single point presents uncertainty about current flow. We modeled the dipole in Fig. 1 with MoM, FDTD, and FEM solvers. As illustrated in Fig. 4 , FDTD and FEM predict different results for the point crossing junction compared to the MoM method. All 3 solvers give similar results for chamfered and bridged cases which are more practical in the real experiments.
B. Example 2: loop antenna
A loop antenna was investigated to show the impact of point crossing junctions on the impedance Z, current distribution J, and the far field radiation. We considered a square loop antenna which has point crossing at two neighbor vertices and is split into one U part and one straight line (see Fig .1(b) ). that MoM modeling does not allow the current flow through the junction, while FDTD and FEM allow that. We believe that this disagreement is not a problem in the MoM, as one never can measure such point crossing junctions. However, the significant shift from a chamfer to bridge is of particular importance. Fig, 6 illustrates the impact of point crossing on the current distribution J with different junctions with MoM modeling. Connecting the two areas with a single point shows a current distribution like the completely separated areas. However, a negligible degree of overlap significantly changes current to be distributed like a loop antenna Fig.6 . The radiation pattern is also influenced by the point crossing junctions (illustrated in Fig.7 ). The current in Fig.6.(a,b) is similar to the current distribution of a dipole with bent arms, so the radiation pattern is expected to be omnidirectional around y axis. However, for junction types of Fig.2(c-e) , the current goes through the loop in the x − y plane. This results in omnidirectional radiation around z axis which is also validated by the simulated pattern in Fig.7(b) .
The impact of the width of junction is shown in Fig. 8 where the width of the bridge junction changes from 1mm down to 0.01mm. The impedance is almost the same in most of the frequency range, although it peaks to a higher value in the antiresonance region. It is also seen from Fig. 6(c-e) that the shape of the overlapping connection does not make a significant difference to the results.
III. AVOIDING POINT CROSSING
It is desirable to avoid point crossing due to its impact on the performance of the antenna. Avoiding such connections during optimization runs would need some schemes which ideally solves the point crossing issue with minimal modification of the geometry. One plan would be to completely purge the conflicting cells [2] , [13] from the structure. This would avoid the issue, although the geometry modifications are not minimal. In [8] , conflicting cells were joined by small bridging junctions. In this letter, we propose that one should consider both chamfering and bridging of the conflicting cells to properly explore the entire search space, and find optimum structures.
Adaptive chamfering: One plan would be to identify the conflicting points in the structure. Then, conflicting cells are chamfered at the point contact cells alone (Fig.9(b) ).
Adaptive bridging: Another scenario should be to connect the neighbor cells. As it is been illustrated in [8] , adaptive bridging is also capable of providing optimum designs.
IV. COMPARISON OF THE SIMULATION TIME
Because an optimizer runs hundreds and thousands of iterations to arrive to the optimized designs, the simulation time of a single run is one of the key factors in the optimization process. It is, therefore, useful to see the impact of the proposed schemes on the simulation time. antennas in Fig. 1 , Antenna I which does not contain a point crossing, and Antenna II which includes a point crossing and needs corner modification. Each antenna was simulated with different simulation packages: open-source FDTD code [14] , commercial FDTD and FEM code [15] , and commercial MoM code [12] . As simulations are performed over a broad range of frequencies, the FDTD method is best suited to some antennas which have a good resonance (Re{Z} not too small or too large e.g. dipole). The simulation time of the dipole was not sensitive to the junction type. However, chamfering point crossing junction would significantly impact on the simulation time of the square loop and antenna II. As antennas with other junctions are not well-matched in the simulation frequency range (illustrated in Fig .5 and Fig. 10 ), FDTD simulations need more time for convergence. Chamfered junctions show good matching near resonance, and their simulation times are significantly less. Simulation time with MoM and FEM methods do not look to be sensitive to the junction type, as these methods are frequency domain methods.
V. ADDITIONAL REMARKS
• We also considered the impact of point crossing on the FSS structures. We simulated square loops as FSS, and observed a significant shift in the transmission and reflection bands of the structure (not included in this letter). We argue that in addition to antennas and FSS, point crossing should be avoided in other electromagnetic circuits (e.g. filters, couplers, etc.) • It should be noted that point crossing is not always problematic. For instance, the measured optimized designs in [5] , [6] showed a performance close to simulations. This might be due to insignificant flow of the current over the junction even if they are truly connected like Fig. 2(e) . We argue that the effect of point crossing would be major when the junction prevents the flow of the current and so significantly changes the effective length.
VI. CONCLUSION
In this letter, we illustrated that junctions with only one single point in common should be avoided in optimization algorithms. We used MoM, FDTD, and FEM solvers to study and compare the impact of different junctions on the impedance, current distribution, and radiation pattern of the antennas. We also compared the simulation time of different junctions.
